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EGFR /N5y F % BREC R 12 05 42 15 PR &5 A5 BT 14 X3 B 88 4 Al B0 3% SR s

i BAR AT (1. THPHERLERFER B3 4,18 &5 330029; 2. EHERERKFE Med-X TR
Kz, B 200030; 3. EERE KRS HFE, g 200240 )

[ ZE] 8@ xR KT 2 epidermal growth factor receptor, EGFR )FJ/NF Z KB K D4 &1 PEG 1L AYFH
BT NR TR, WLEEHAR 25 Tk DNA T siRNA i 40 i Y 3R VE I . 7 i 2% D4 #354E DSPE-PEG2000 A LA Hi
PEG 1L A FHES - lig 5 1A, 460 24 3844 22 G b w8 6 35 EGFR A9 IR /1N 41 J i 40 U vk H1299 Hh B DNA % e sl SR AG S0,
SiriusHREE (U B DNA 4% 545 H1299 #HAZE R BRI FRIE , 20 BT WA Y FAM-siRNA J5 H1299 4 A2 0GR B .
& K RN TR/ FoR DNA B A WIBEE BT LAY B, B AR RN, AN Zeta HALZHTTHE . 1EFUB. DNA HY
e SI006 6 A AR S 1E G BT UR AR LG, D4 16 AY I AR T LR S5 IR S H1299 41 i h e e AN R A( P <0.05 B P <
0. 01 ); D4 &1 A R A 7R 451~ FEL A7 LU AR X H1299 4 i A9 5% Yo sl 3t 3 v T LB i A JRHE 7 g i &( P < 0. 05 3E P <0.01 ),
TE FAM-siRNA f56 e, 5% s T LOULEEE] D4 54 A9 N5 BRI 40G B  K P10 FAM SRR J% . 45 e 2 D4 184 0 P 25
FHe PR SE m m#2ik EGFR Jg 40 Ml i Bk DNA Rl siRNA HYHE 0%

[ SR ] JLDI% ; g B 1 5 BH S 7R 1A% ; 2 RO ; % e gl

[ HE4ZES ] R730.51; Q782 [ XmFrERG] A [ XEHS ] 1007-385X( 2012 )02-0163-05

Modification by EGFR small peptide ligand enhances transfection efficiency of
cationic liposome on tumor cells

ZHANG Hai-hong', PENG Jin-liang’, XU Yu-hong’( 1. Department of Pharmacy, Jianxi Vocational Technology College
of Nursing, Nanchang 330029, Jiangxi, China; 2. Med-X Research Institute, Shanghai Jiaotong University, Shanghai
200030, China; 3. School of Pharmacy, Shanghai Jiaotong University, Shanghai 200240, China )

[ Abstract ] Objective: To modify PEGylated cationic liposome was modified by small peptide ligand D4 of epidermal
growth factor receptor ( EGFR ), and study its effect on enhancing the transfection efficiency of plasmid DNA and siRNA
in tumor cells. Methods: D4 was conjugated to the end of DSPE-PEG2000 to modify the PEGylated cationic liposome,
and the effects of this vector system on transfection efficiency of plasmid DNA in EGFR highly-expressed human non-small
lung cancer H1299 cells was examined. Luciferase expression in plasmid DNA tranfected-H1299 cells was observed by
Siriu sillumination apparatus, and the fluorescence intensity of FAM-siRNA tranfected-H1299 cells was detected by fluo-
rescence microscopy. Results: In prepared liposome/plasmid DNA, with increasing of electric charge ratios, the particle
diameter of complex was gradually decreasing and Zeta electric potential was increasing. Compared with non-targeted lipo-
some, liposome modified by D4 significantly increased the expression of luciferase in H1299 cells after plasmid DNA tran-
fection ( P <0.05, or P <0.01 ); the transfection efficiency of D4-modified liposome with different electric charge ratios
on H1299 cells was significantly increased compared with un-modified liposome ( P <0.05, or P <0.01 ). In addtion, in
the transfection of FAM-siRNA, an enhanced fluorescence intensity of FAM was observed in the D4-modified liposome
group under a fluorescence microscope. Conclusion: D4-modified cationic liposome can improve the transfection efficien-
cy of plasmid DNA and siRNA in EGFR highly-expressed tumor cells.
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TE MR B PRA T o TC A 1] 0 3 o A 55 7
S e PR i v P — AT IR S H
IR ) 3 1A B e RE TR BT B B R T
B3 TR Fa g PR , 25 50 WO I RAR N e 5%
SR, ST, B TN AR B R
E RIS AR T B B S R SR 2
JIK LA B A S A T ) A R A e BT A, R AR
FZAK( epidermal growth factor receptor, EGFR )7E
s FUBRE Sk U B e SRV 2 AR oA
o BEFIK R IRAY TR ) N B
R AR5 EGFR (R 40, EGFR 45 5k i
TR 1 25 2% 5 =X REAT S50 B2 1= 25 9 1) 200 e 2
PEFIHE DG et R4 v i e ) 8 1) 7 20 3%
MR o BB AR BT R B R g5k )z (A g 2 B
H#k 2z —, B 2 B polyethylene glycol, PEG )fk
Jed i UL BB 7 IR B A i i 7 vk L B T LR
BB BRI , S A I R B AR BRI 8], O HA
BT BB 3 10 ) SR B o SR, Mishraa %5 ° & 8,
PEG T2 R 40 A T 2314 £ B3 IBURE 7, 410 1 2 2 Ak
A BB HT AR RS EGFR =4k R RL5H,
TS SCIRHE 0 il HE S T /NG TS KR, OF
M EE] EGFR BYBLIAZ K D4. D4 55 EGFR 4
BORMIAEGRES) WA aF#E N EGFR R R AR MR« H
427 LT T A AR B R 5 % 45 B A i Bk BEAH B
Mo AT 5 PEG AL FHES T IR BUA #  eRR AR
WEFEMIHT D4 M BH i B R Al g e A& 1O %
KRG, IARZ D4 i PEG AL FH & IR BT AR
S ARRE i B R X B AL, FR T D4 7 iR 40 i A b
b g fER

1 RS

1.1 Zahetkl XA

238 EGFR A9 AR/ NN Bt il 40 AL ik H1299
W B BB A A A BT, G 2R 10 (RPMI 1640 155+
4 Gibeo A HE™ i, BR LA K DOTAP A8 i 1 &
WENSBE 2 W -3 £ 8% 2000( DSPE-PEG2000 ), —
i N P 5 i T 2, s e - 2R 2 — 5 2000- 2 4 ik W i
( DSPE-PEG2000-Mal ) JIH [ 850 3& [E Avanti 23] 7
i, /N T2 K D4 R IR A A FR A W5 B, 9t
REFRGIE YR Promega 23 777 &, JEORE A R ik 2
R EN Qiagen 23 H] ™ i, R EL DR FRIL MY siR-
NA( carboxyfluorescein-siRNA , FAM-siRNA )R b
T I 2B ARA BR 2 T b, w434 F AL 2
Shy v ] s 2 A 1A Vi 2R A F
1.2 I5F S D4 55w

BUE  DSPE-PEG-MAL 05 W, In A TE IR
o BT RS R 2 RS B PR R L 20 1Y EL )
AN ¥ Z Bk DA, R R RPN IS EBRS
HEPES /KW, 7 10 °C 200 r/min Z5 144 6 & &
i, UV 24 h 515 3 5 47 9 DSPE-PEG-D4, it 4k
TR FAHITE i3 B 42 MW 3500 ) H 3% BT % 2 36 it
i D4, R TR
1.3 J8 ka4 &
1.3.1 D4 545 g Uik ey & & $&EE/RIE 1:1:0.01:
0. 02 ¢ DOTAP. JiH [& i . DSPE-PEG-2000 . DSPE-
PEG-D4, 4 L) g Jot (%) S 05 fift & W A B
BT 7R AL A 176 #E 0. 1 MPa,
30 °C T gkt 7E % 60 ~ 120 min, {5 J 55 75 i BE T i
BI51im IR iR, 8 N, BRASGE. miEomnA
i R PR AR KK A, AR BT BT VK 2N 1 mg/ml.
#A 5 min, o 200 nm FLZ RIKERBRIR 13 1528
ik, 4 CLAE .
1.3.2 dF#miE Rk &l & FRIREERIL 101
0. 03,5 DOTAP H[E [ . DSPE-PEG-2000 , il £ J5 %
[F] I D4 &4 A A 1) i 5 o
1.4 pGL3 J#adk 4 HI299 2mie

ARSI FH ) S ' 2 B Y BURL pGL3 JE M E.
Coli DH5 o P BB, FH A R 4l ) 4 A< 48 v WA
P L BRI T SR I, i %5 5 BT 1A /DNA B 5.
FE R AR AT DNA 5 B A R A9 A K g B 4R35 Jn
£ DNA Wb, S0 i i ek % , = 1 F 20
min B . W05 B B 1A RS B4/ DNA & 45 W 1Ak
TN Zeta LA o FEYLHT 1 d K H1299 dAffIRELL 7 x
10° A/ FLEEFPAE 96 LA H . 5 FRAE T 37 C.
5% CO, HEFRAAHEFE 18 ~24 b, FE YL Al & B
60% ~80% o X T ICILIG A T WY 2EIAETT,
P AU ARG TR E , 4 UTE LTE RPMI 1640 K
FRWE ;X T8 10% I3 F5 8 T i 5 G, 72 IR, 4%
LR P B 5 IR GE BT BT 10% FBS AU
TR o YRt Kl 45 41 D4 1845 19 JIE S 14/ DN A
A ANARSE [ JE B AA/DNA Z&5Win AfL, &
AR 3 ANE AL, BB, (IR A) . 7E 37 C .
5% CO, FFRFEP R 4 b, Z e B L A NGE ,
PBS Yk 3 il , B4Ry i 5 ARG AR, AREEE R 24 h
Je D DG BRI o W2 96 FLAR T REFRIR
HHELF PBS UE 3 5, BELIIA 50 wl 4 2467
4% 30 min. AR ,2 580 x g B0 5 min, HY
15 10 wl, INAZIEZE B R N 10 l, 15T,
Sirius FREE (SR AH X 558 FE( RLU/s, Relative light

unit/s ).
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1.5 FAM-siRNA %53 H1299 4 it

W5 R AT FAM-siRNA F B 21 AH 8] (O (AR Kt
s BB g A N A 2] FAM-siRNA 1, Ff-42 58 e i
3 ~5 WIRAL, iR E 30 min, #il £ 5 R A/ FAM-
SIRNA 254, F5 . B5Y4 T 1 d, % H1299 401 L)
1.2 x10° /LA BEHE AP TE 6 LR, 45 35 3R i
BT 37 C 5% CO, HEFRFAHFF 18 ~24 h, 5L Y i
AMIF 5 B R 60% ~ 80% o i YL it W il 45 1 11
D4 164 B4 i 5 14/ FAM-siRNA & & 9 AL =IE 42 1] I
JiiAk/FAM-siRNA Z 5 IMASFL 54k 4 h, &
BEFR0, ] PBS VRANME 5 3, bR 25 R AR5 S bk 2
A RR BT, 57 BIF 2¢ 5 1 A BE WZR( N =480 nm )
WLEEAH ML
1.6 %itzae

BEH x £s 8, R SPSS16. 0 Gitikid, Wi
FEARPEE] LR A ¢ KE 3. P <0.05 8¢ P <0.01
FREFAGIFE L,

2 &5 R

2.1 JFEBAR/DNA B &4t 4iieFe Zeta wA%

FEASIA] B B J5 A/ DNA B faf b Ah S 5 B o 44/
JERL DNA & & YR 42 Al Zeta HLA . g 0 A4/ 5
ki DNA 525 W B RAR I Zeta B N7 BR A & LA
XK Bl LT LU B B, B A MRS BN, E A
Y Zeta BALZWITIE( B 1), Zeta BV 525 M % YL
BRI E R R, B ) Zeta LA F T2 BERS
RS AL 45 6. 45 R R W, D4 &1 (1% B T ik
DNA E AW Zeta HLTFA LAG M B AR ) B o3 14/
DNA EEWIE -
2.2 DA4-f BRI S ¥ DNA x+ H1299 4 i ¢4 4%
Fe 2

SEEG AR 2) B, 2 YL AR T I T 8
FRWLIT, #E H1299 4ii it , D4 & 4 1) fig 5 14/ DNA
BAEYITERA DOTAP/DNA Hifif H A 75 L i R i
i TR A A8 B AR/ DNA E-A5 (P <0.01), H
AT UL, D4 A ] DL = PEG Ak FH &+ R BT {4
X 22k EGFR Y H1299 2 % Yesiii
2.3 D4-BE R ARA~F Rk DNA s H1299 Zm fig 64 4%
P NS A

SIZGG Y IE R 40 6 8 37 L 00 e L B 10%
FBS (85323 oot D4 845 (1) BH 25 1 I8 B AR AR #E
] A BORTE H1299 20 0 v i) e QL RCRHEAT 1 17T,
S50 1B 3 ) o, D4 B B i AR A 451 L fr E A
) 20 B e i e TR B AR 4: 1, P <
0.05; HATHLAT L, P <0.01 ). HHILT] UL, ZERL LA

P EREE R L5 OB IR 00T, DA B B AAR £ T
ARZE DA B ARRE ] Jig BRARATS AT L 25 4 v 2 i
DNA FeQesgie it — B RN DHTE e 225 1Rk 4
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Fig. 1 Particle size ( A ) and Zeta potential ( B )
of liposome/DNA complex
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Fig.2 Transfection efficiency of lipoplex with
different DOTAP/DNA charge ratios on H1299
cells in serum free medium
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FAM-siRNA B8 B0, BT siRNA 25 55 # B i, R Ut
SCH AR IR 3 O LT R R L. R E4) R
N TEDE WA B ILET T, DA-I5 B AT e 41 o BE W
FLEN 2 (0 ¢ 6 W i b A0 ) B AR . FR kT
UL, D4 &4 0 R LA W] fi 2 20 B i 44 FAM-siRNA .

Log

2 B D4-liposome
E 100 000} O non-targeted liposome ok
5
8
'S5 10000f
=
3]
o
2
3
% 1000F
g
=
0 4 3 g 10

DOTAP/DNA charge ratio

B3 10% FBS #%5EHR[E DOTAP/DNA REfFLLHI
fEFRE &3t H1299 BRI RHE
Fig. 3 Transfection efficiency of lipoplex with different
DOTAP/DNA charge ratios on H1299 cells in
10% FBS-containing medium

"P<0.05, " P<0.01 vs non-targeted liposome

B4 KAXBRIEWER HI1299 45 A5 4/
FAM-siRNA £ §#IHEE 302 x4 000 )
Fig. 4 Transfection efficacy of liposome/FAM-siRNA

complex in H1299 cells observed by fluorescence

microscopy( x4 000 )
A, B: D4-liposome; C, D: Non-targeted liposome;
A,C: Dark field; B,D: Bright field
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PEG 2 f5 5 UL I BH 8 1 IR S B 1 05 3%, &

AT LA MR AR ) R e M, B SE A B,
PEG &1 J5 i A5 55 Jk PR 4R 9 Kb, 4 a7 ek
RZHNNE JE R & PEG 18 23 B AR Mg I 1A 3 1t
faf , TS MR B A 0 a0 AN A . ATIE 50 44 O e 75 3]
() EGFR ELIA/>T D4 B BIEAE PEG A& ik
AR B R Z R A SR A N HE R BN E &
Pk AR, D4R i 25 PR A 3 R0
RITTA/ DNA 245 10 1) 2 T R g AR A2 2 ik [
Segerh ) H R A R R A5 HE 1 IR B
A AR 1) B AR 5 DNA JE Y 54 W i kA2 Al
Zeta AT HEAT T 20 M. 455 SR, D4-JIg it &/ DNA
HAEYRAR LA M) BE BT iA/DNA E &K, H
FE 20 T RiARAH 25 5 KM 130 nm, HiAy e a7 LA,
AR ZESEAL/N G 3K AT BB PR A 72 A AR 1) H A EL A
BE GWE G LA H . D4-J8Fi{k/DNA &
BN Zeta HLAT HLAESE [ 8 i 1A/ DNA 52 &4 FL o7
I, PTRESE R A 2 K D4 78 v Pk R 5wty £ L 6
)8
S | BT R SR Lk R T D e [ S ]
RZA TR & 1 20, 2 5 3R IR 1E FL A 1 BH
BT RRFARSS A, DT AR FH 25 i T 1A 3% 1 45 44
AL RE , SEma i Je s, TRIL , AR BFSEAE TE IS
BRI AT 10% FBS B9 15 37 3 v 43 59 ik 47 16 e
S N T LT G G RS, 2 SR R A v X
5 B YL ROR B A B 1 F Aar FL R AT S A Y, £ I
AT, AR 1) B8 BT A4 1 D4-8 BT A i i AR 7%
Y3k R H A S BU A TG I 9 A O e, R
Tia] (g SO AR 1) e A 2 G sk e i) r oy LL 2 82 1, T D4-Mi
JRAR A o A 5 e B9 LA EE R 10 1, (HR, B A
I A 2 T L A B SR b AR R Y LA LU A
D4 AR A T 1) Jo s 7 G 53T L R g i T R
R
RNA T#:( RNA interference, RNAi )47 A i 45
e T & T A I 20 YIS bR RIS 3 R Th BE R A )
TH FF N BETTA DB , T AR MR R
I7 R R MR A A T siRNA REZE mRNA 7K
S A R SR S PR A B S IR R R R DLER, 2
RNA THEAE R DLk A 19 T 8500 437, B A 5
PR RS L R AR S B R T 25 0 i B DA
ZHBE 2 EFURL DNA [ Y b D4 1816 (1S
JOTAAR 00 7 i v 4 L e Bk R A 2500, R , A5 AL
XFHAE siRNA A i 4T 7558, N9 i i se
MBI 45 5K, D4 W RE (L 1 5 0T 14/ FAM-siRNA
V92 4 e v R I
B2 ZRRELR D4 AT LA SR R PEG fE )
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PHES T g B &/DNA & &1 . BH B ¥ 5 B &/ FAM-
siRNA XJ =5 363K5 EGFR i 240 B i 5% e 380%, T —
ANGEST DA B (%) BH =5 18 A 7E Sh i 1k Py 3 1A
Bk BORCR, AL AR R D4 1B 1 i BH 25 1 I8 R A TE
S N B 53 RS P R R B [ R RO
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